The buccal segment of the rabbit facial vein exhibits a high level of myogenic tone in vitro that develops only in stretched vessel segments between 330 and 44°C. The infusion of physiological salt solution into the lumen of 2-mm-long rabbit facial vein segments induced a flow rate-dependent increase in wall tone, both in the presence (37°C) and absence (30°C) of myogenic tone. In calcium-free physiological solution with EGTA, neither flow nor stretch-induced tone was observed. This flow-induced contraction was associated with an increase in 45Ca2' unidirectional influx and net uptake. These measurements correlated positively with the level of the associated constrictor responses, both in the presence or absence of myogenic tone.
C hanges in intraluminal flow may induce either dilation or constriction in vitro, depending on the level of tone of the smooth muscle cells in the vessels; this phenomenon suggests that the effect of flow is the result of a balance between those forces.' Flow-induced contraction occurs in a variety of isometrically mounted arteries23 and in the perfused pial4 and femoral5 arteries. It is dependent on the presence of extracellular calcium' but not the integrity of the endothelium.14-6 The findings of previous studies indicate that the flow-induced contraction mechanism might be expected to be different from that required by stretchinduced myogenic contraction. 7 To gain insight into the mechanisms involved in flow-induced contraction and to compare these with those related to stretch, we studied 45Ca 2 influx and net uptake in the rabbit facial vein (RFV). This is an isolated vascular segment that responds by contraction in vitro to both flow and stretch. The RFV possesses a high level of myogenic tone in vitro that is temperature dependent. It is present at 37°C and absent at 30°C. Tone that is due to other stimuli, including flow (the present study), is not temperature dependent.1"8'9 Thus, this preparation allows a study of the constrictor re-sponse to flow in either the presence or the absence of myogenic tone. This allows for the comparison of the responses of the RFV to flow and stretch in the same preparation and the opportunity to assess whether stretch and flow-induced contraction involve the same pathway. Moreover, because only minimal levels of flowinduced dilation have been observed in the RFV in the conditions we used, the response to flow in this vessel is predominantly one of flow-induced constriction.
Flow was induced by the infusion of physiological salt solution (PSS) at different rates into the lumen of myograph-mounted RFV segments. PSS was infused when myogenic tone was present (at 37°C) or absent (at 30°C). The resultant changes in wall force were recorded isometrically. The experimental evidence suggests that flow-induced contraction is associated with calcium influx and uptake that is related to the magnitude of the response, through a pathway different from that for myogenic (stretch) tone.
Materials and Methods Rabbit Facial Vein
Buccal segments of the RFV were isolated as previously described10 and mounted as 2-mm-long ring segments between parallel stainless-steel wires (0.2 mm in diameter) in 3-ml organ baths. The average separation of the wires was 4 mm (after stretching the segment). The PSS in the infusion pipette had the same composition as the bath solution (the same concentration of 5 Ca'+ as in the 45Ca2' net uptake or influx experiments and the same concentration of histamine when histamine was used).
In some experiments, 45Ca2' net uptake and influx were measured in unstretched segments of the RFV at either 30°or 37°C. The segments were mounted slackly, as described above, between the two wires of the myograph. No force (stretch) was applied.
Statistical Analysis
Results are expressed as mean±SEM (n is the number of observations). Significance of the differences between means of the different groups was determined by one-factor analysis of variance, followed by a Student-Newman-Keuls test when significant. Values of p<0.05 were considered to be significant. Both intraluminal flow and histamine (1 ,M) increased 45Ca2+ uptake ( Figure 3 ) and 45Ca2+ influx (Figure 4) in the presence or in the absence of myogenic tone. The increases in 45Ca2+ uptake and influx were flow rate dependent. The increase in wall force paralleled the increase in 45Ca2+ uptake ( Figure 3 ) and influx ( Figure 4) The RFV was chosen for use in the present study because of its useful experimental properties, in that it develops in vitro a high level of myogenic tone in response to stretch. The RFV serves as a temperaturesensitive sphincter contributing to cranial thermoregu- (4) lation.8915 The level of myogenic tone developed depends on the temperature. It is maximal at 44°C and 300C absent below 33°C.9,10 This allows flow-induced contraction that is little influenced by temperature to be studied in either the presence (37°C) or the absence (30°C) of myogenic tone and to be compared with (6) myogenic tone. Myogenic tone in the RFV is dependent a on extracellular calcium, probably reflecting the relatively small amount of sarcoplasmic reticulum in its 370C smooth muscle cells.16 It has been previously shown that stretch-induced myogenic tone in the RFV was associated with an increase in 45Ca 2 influx.'2 Thus, it represents an isolated preparation in which 45Ca2+ influx and 250 wall force can be measured quantitatively at the same time to both pressure (stretch) and flow. Finally, the RFV responds to flow by an increase in wall force. Only ?tional influx (6) 1.02±0.09* (11) 1.25±0.12 (12) 1.69±0.44* (12) Histamine (1 ,uM) 0.78±0.10t (6) 1.36±0.70* (4) 1.44±0.26 (4) 1.49±0.39* (4) n, Number of observations; NA, not applicable (no force development); ND, not determined. Values are mean+SEM.
Segments of vein were mounted isometrically in a myograph at 370 or 30°C. *p<0.05 vs. corresponding value for flow at 40 ,ll/min by one-factor analysis of variance (ANOVA).
tp<.o05 vs. corresponding value for stretch-induced myogenic tone by one-factor ANOVA.
*p<O.OS vs. zero at 30°C by one-factor ANOVA.
Flow-induced dilation was first described in Vivo, 17 and In our experiments, the RFV responded to flow by an increase in wall force (Figure 2 ). The flow-induced contraction increased as flow rate increased until 40 ,ul/min. When the flow rate was over 40 ,ul/min, the contractile response to flow reached a plateau; when the flow rate was over 60 ,ul/min, the amplitude of the response decreased (result not shown). Finally, we cannot exclude the possibility that part of the contractile response to flow is due to the washout of a dilator agent present either in the lumen or in the wall of the vessel. We have previously argued that this is an unlikely explanation of flow-induced contraction,' although recent evidence in support of a role of ATP in this phenomenon has been brought out.27 '28 The RFV responded to flow by an increase in wall force that correlated positively with an increase in 45Ca21 net uptake and unidirectional influx. Both influx and net It has been proposed that the sensitivity of flow effects to changes in sodium concentration reflects the importance of this ion at a site common to both flow-induced contraction and dilation. This could be a flow sensor located on the smooth muscle cell or its extracellular matrix.40,41 Flow-induced contraction might result from subsequent vascular smooth muscle activation of a calcium entry pathway that is at least different from that associated with myogenic tone and may be different from that associated with potassium and agonist action.
We conclude that the RFV, which exhibits a high level of myogenic tone in vitro responds to intraluminal flow by an increase in wall force. This is associated with calcium influx into the smooth muscle cells that is proportional to the magnitude of flow-induced response. This pathway may be different from that associated with stretch-induced contraction.
